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Abstract 
Emulsifiers are a unique class of compounds that have proved to have a variety of potential applications in formation of 
hydrocarbon in water emulsion, in enhancement of oil recovery and in the reduction of heavy oil viscosity. In this paper, a 
bio emulsifier was synthesized by a strain of Bacillus licheniformis and was separated by an autoclave and centrifugal 
process; the purification of bio emulsifier and the increase quality of product was done by adding sulfuric acid (H2SO4) 
(98%) to the solution and centrifuging this compound again. This bio emulsifier has the property of emulsification to a 
wide range of heavy hydrocarbon to form a stable hydrocarbon-water emulsion. This bio emulsifier could reduce Iranian 
Nuroze high viscosity oil of about 10000 cP down to 250 cP. This means about 97% decreases in the viscosity. The 
emulsion stable this condition for 48 hr and the viscosity slowly increases to 4000cp until 192 hr. The stability of the oil in 
water emulsion during 48hr allows the heavy oil to be transported practically over lengthy distances or remain stable for 
long periods of time prior to utilization. 
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1. Introduction  
 
Hundreds  of  different  chemicals,  both 
synthetic and naturally occurring materials, 
exhibit  properties  of  specific  and 
preferential  interaction  with  surfaces  and 
interfaces.  Emulsions  are  commonly 
observed  when  liquid  hydrocarbons  and 
water  are  mixed  during  bioremediation  or 
fermentation  [1].  These  emulsions 
dramatically  increase  the  area  of  the  oil-
water  interface,  thereby  enhancing 
bioavailability.  For  a  dispersion  of  one 
liquid  in  another  to  be  stable  enough  to  be 
classified as an emulsion, a third component, 
such  as  a  emulsifier,  must  be  present  to 
stabilize the system [2,3]. 
While  chemical  emulsifiers  are  both 
inexpensive and efficient, they may have very 
negative effects on the environment. Increasing 
awareness on the part of the consumer, coupled 
with  the  potential  for  legislation  governing 
excessive  use  of  such  chemicals  offer  new 
opportunities for biotechnological alternatives. A. Farahbakhsh et al / Int. J. Ind. Chem., Vol. 2, No. 2, 2011, pp. 86-92 
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The  potential  advantages  of  such 
products include: 
1.  Biodegradability  resulting  in  lower 
levels  of  pollution,  2.  Selectivity  and 
specificity  towards hydrocarbon substrates, 
3.  Potential  for  using  recombinant  DNA 
technology  to  engineer  changes  in 
emulsifier  structure  and  function,  4. 
Compatibility  with  chemical  products 
leading  to  novel  formulations,  5.  Natural 
products  may  have  unique  characteristics, 
which  cannot  be  produced  by  simple 
chemical synthesis [1]. 
While  bacteria  can  produce  emulsifiers 
that  stabilize  emulsions,  some 
microorganisms can emulsify hydrocarbons 
even in the absence of cell growth or uptake 
of  hydrocarbons  [3].  Surface-active 
compounds  produced  by  microorganisms 
are  of  two  main  types,  those  that  reduce 
surface  tension  at  the  air–water  interface 
(bio surfactants) and  those that  reduce  the 
interfacial  tension  between  immiscible 
liquids, or at the solid–liquid interface (bio 
emulsifiers). Bio surfactants usually exhibit 
emulsifying capacity but bio emulsifiers do 
not necessarily  reduce  surface  tension  [4]. 
Lower molecular weight bio emulsifiers are 
microbial  in  nature  and  are  produced 
primarily by bacteria and fungi [5]. 
Bio  emulsifiers  are  not  only  of  interest 
for  bioremediation  processes  in  the 
petroleum  industry.  These  compounds  can 
be used to enhance oil recovery from wells, 
reduce  the  heavy  oil  viscosity,  clean  oil 
storage  tanks,  increase  flow  through 
pipelines  and  stabilize  fuel  water–oil 
emulsions  [6].  Furthermore,  chemical 
emulsifiers not only are toxic but also are an 
additional  source  of  contamination.  Bio 
emulsifiers  have similar  properties  but  are 
less  toxic,  biodegradable  and  can  be 
produced  in  situ,  at  the  contaminated  site 
[2,4]. 
Polymeric bio emulsifiers are microbial 
products, which form and stabilize water in 
oil,  or  oil  in  water  emulsions.  Their 
discovery  was  based  initially  on  the 
observation that growth of microorganisms on 
various  oils  is  often  accompanied  by  the 
emulsification  of  the  hydrophobic  carbon 
source  in  the  aqueous  growth  medium. 
Polymeric  bio  emulsifiers  were  exhibited  a 
preference for the oil/water interface [1, 7, 8]. 
The  emulsification  process  causes  the 
formation of droplets in one of the phases and 
a  subsequent  increase  in  emulsion  turbidity, 
which is easily monitored. In addition, the bio 
emulsifiers  also  stabilize  the  emulsions  by 
retarding droplet coalescence [1,9]. 
Bio  emulsifiers  can  be  divided  into  three 
categories:  1.  Bio  emulsifiers  were  produced 
exclusively  with  alkenes  as  a  carbon  source, 
such  as  Corynebacterium  sp.,  2.  Bio 
emulsifiers  were  produced  only  with  water-
soluble substrates as the carbon source, such as 
Bacillus  sp.,  and  3.  Bio  emulsifiers  were 
produced  with  alkenes  and  water-soluble 
substrates  as  carbon  sources,  such  as 
Pseudomonas sp. [7,10].  
Because  of  the  lack  of  cost  effective 
production processes, few bio emulsifiers have 
been  used  on  an  industrial  scale  at  present. 
Therefore,  the  search  for bio emulsifiers  that 
can  be  grown  economically  for  industrial 
applications [4,6]. 
In this paper, a bio emulsifier prepared from 
the  indigenous  Bacillus  licheniformis  strain 
ACO4,  was  used  to  reduce  the  heavy  oil 
viscosity by forming an oil/water emulsion. 
 
2. Experimental 
2. 1. Bacteria, media and culture conditions 
A  type  strain  of  Bacillus  Licheniformis, 
ACO4  (research  institute  of  petroleum 
industry, RIPI) was used for production of bio 
emulsifier.  For  growth  conditions,  cells  were 
cultivated in Velp-FTC-90E model incubator at 
30 C in medium containing g/L: K2HPO4, 1.8; 
KH2PO4,  1.2;  NaCl,  0.1;  NaNO3,  4;  glucose, 
1.5;  urea,  0.05;  FeSO4.7H2O,  0.01; 
MgSO4.7H2O,  0.2  in  1000  mL  flasks 
containing 500 mL medium. A. Farahbakhsh et al / Int. J. Ind. Chem., Vol. 2, No. 2, 2011, pp. 86-92 
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Subject  under  consideration  in  the 
preparation of the medium is the oxidation 
of  FeSO4  and  MgSO4  at  the  high 
temperature and the turbidity of the medium 
to  prevent  this,  firstly,  six  components 
(K2HPO4, KH2PO4, NaCl, NaNO3, Glucose 
and Urea)  were synthesized  in water  were 
autoclaved  in  humid  heat  method 
(temperature = 121 C, pressure = 15psi and 
time = 15 min) (Solution A). Secondly, two 
components  (FeSO4.7H2O  and 
MgSO4.7H2O)  were synthesized separately 
in sterile water (Solution B). Finally, A and 
B  solutions  were  synthesized  together  for 
preparation  of  the  suitable  medium.  For 
preparation of  the  sufficient  solid medium 
20 g/L) Agar was added to liquid medium. 
The  most  suitable  time  for  culture  was 
measured of  the  growth diagram;  the  growth 
diagram was drawn by changing the amount of 
strain of the medium at the different incubation 
time (Fig. 1). The amount of strain of the liquid 
medium  was  defined  as  the  medium 
absorbance  at  550  nm  in  the  conditions 
described above [10]. 
Rich  medium of  strains  was  accessed  and 
bio emulsifier was produced by high yield. The 
suitable separation and extraction process was 
used to produce more quality bio emulsifier. In 
this  paper,  the  operation  of  separation  and 
isolation was adapted from the method used by 
Carlos et al [11] (Fig. 2). 
 
 
Fig. 1. Growth diagram for ACO4 strain 
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Fig. 2. Process flowchart for producer of the bioemulsifier 
 
2. 2. Isolation and Separation 
In  the  first  stage  of  the  separation 
process, the incubated culture was sterilized 
with humid heat and centrifuged  at 10000 
rpm and 4 C for 15 min [9]. 
The supernatant  was collected  and then 
sterilized by the same procedure previously 
described. 
In  the  second  stage  of  the  separation 
process,  1mL  of  H2SO4  (98%)  was  added 
per 200 mL of supernatant and Centrifuged 
at  10000  rpm  and  4  C  for  15  min.  The 
collected  precipitate  was  separated  from 
supernatant  layer  and  dissolved  in  8  mL 
water  to  form  an  aqueous  solution  bio 
emulsifier.  Thereafter,  the  solution  was 
sterilized with humid heat. 
According to these steps, the advantage 
of  purifying  the  bio  emulsifier  was 
provided. 
 
3. Results and Discussion 
After  the  bio  emulsifier  was  produced 
according to the procedure previously outlined, 
1.76%  (w/w)  of  bio emulsifier  was  added  to 
60%  (w/w)  of  Iranian  Nuroze  heavy  oil  and 
38.24% (w/w) of water to form an emulsion. 
The  viscosity  of  the  emulsion  decreased  to 
about 250  cp  at 25 C,  which  is  about  97% 
decrease  in heavy oil viscosity.  Reduction of 
viscosity shows that oil in water emulsion has 
been  formed.  The  concentration  of  the  bio 
emulsifier  should  be  sufficient  to  provide  a 
stable of oil in water emulsion [7].  
Comparison  microscopic  images  of  oil-
water emulsion and heavy oil are illustrated to 
produce of oil in water emulsion (Figs. 3, 4). 
To  measure  of  emulsion  stability,  the 
viscosity of emulsion was measured every day 
at  25  C  by  DV-II+Pro  Brook  Field  model 
viscometer.  Measurements  were  made over  a 
period of up to  eight days (Fig. 5,  Table 1). 
Reduce of emulsion viscosity (97%) was stable 
for approximately 48hr and was decreased to 
60% after eight days. A. Farahbakhsh et al / Int. J. Ind. Chem., Vol. 2, No. 2, 2011, pp. 86-92 
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Fig. 3. Image of preparation lame for oil and O/W emulsion 
 
 
 
Fig. 4. Microscopic images of O/W emulsion (top) and heavy oil (bottom) 
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Table 1. Viscosity measurements over a period of up to 8 days for the O/W=65/45 emulsion 
 
Vis(cp)  Time(hr)  Vis(cp)  Time(hr)  Vis(cp)  Time(hr)  Vis(cp)  Time(hr) 
4200  96  300  18  279  9  236  0.5 
4268  120  350  19  284  10  236  1 
4300  144  410  20  273  11  238  2 
4364  168  680  21  277  12  240  3 
4427  192  780  22  275  13  255  4 
    960  23  275  14  299  5 
    1050  24  278  15  282  6 
    4110  48  275  16  285  7 
 
 
 
Fig. 5. Stability O/W=65/45 emulsion graph 
 
The  oil  in  water  emulsion  can  be 
transported  over  lengthy  distances  or 
remains stationary for long time. 
 
4. Conclusion 
To  achieve  the  enhance  growth  of  the 
strain.  Optimized  incubation  time  and 
temperature are indispensable. For the strain 
in this paper, these parameters are 7 hr and 
30 
○C, respectively. Furthermore, sterilizing 
the medium after the incubation and growth 
stage is necessary to extract the emulsifier 
from  the  strain  wall.  Sterilizing  facilitates 
the  rupture  of  the  linkage  between  the 
emulsifier  and  the  strain  wall.  Besides,  to 
complete  the  extraction  of  the  emulsifier 
and  remove  the  inactive  microorganisms, 
centrifugation  in  10000  rpm  and  4
○C  for  15 
min is necessary. 
Formation of oil in water emulsion is very 
effective in the reduction of high viscosity oil 
and suitable for resolving transfer and transport 
heavy oil problems. 
Use  of  biological  emulsifier  instead  of 
chemical  emulsifier  is  an  environmentally 
friendly  approach  which  has  the  potential  to 
increase emulsion stability to several days. 
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